To increase the efficiency in the control of weeds, it is common the use of a mixture of the herbicides glyphosate and 2,4-D in the desiccation. This paper aimed to evaluate the residual effect of these two herbicides on the development of maize plants, in soils of different textures. The experiment was conducted in a greenhouse, in 2015, in a completely randomized design in a 2 x 2 x 7 factorial scheme, corresponding to two soils (Red Yellow Latosol and Quartzarenic Neosol), two herbicide application times (5 and 10 days before maize sowing) and seven doses of herbicides (recommended dose of glyphosate, recommended dose of 2,4-D; mixing the recommended doses of glyphosate and 2,4-D; two, ten and fifty times the recommended doses in admixture; and one control), with 4 replicates. After emergence of maize plants, the following variables were evaluated: phytotoxicity, plant height, chlorophyll a and chlorophyll b, shoot fresh and dry matter and root dry matter. In general, there was lower residual effect on the Red Yellow Latosol at all the doses of the herbicides and in the interval of 10 days between the desiccation and sowing.
Introduction
With the advent of genetically modified plants for the resistance to herbicides, glyphosate has gained wide space in the management of weeds. According to Serra et al. (2011) , the technology of transgenics has considerably increased the use of the herbicide glyphosate, especially in post-emergence, since it is applied three to four times during the soybean cycle.
Due to the wide use of the herbicide glyphosate, nowadays there is a large number of plants with total or partial resistance to it, such as: Amaranthus viridis, Bidens pilosa, Commelina benghalensis L., Conyza bonariensis, Cyperus rotundus, Euphorbia heterophylla L., Ipomoea sp., Senna occidentalis and Spermacoce latifolia (Takano et al., 2013) .
The tolerance and/or resistance of certain species of weeds to the herbicide glyphosate has led farmers to associate herbicides with different active ingredients in the desiccation, as crop management. The herbicide 2,4-D has been one of the most used in association with glyphosate and, according to Takano et al. (2013) , the addition of 2,4-D to the glyphosate is determinant to accelerate and improve the control of weeds considered as of hard control.
However, glyphosate can also be used in combination with other herbicides in the management of the crop, such as chlorimuron-ethyl, diclosulam, imazethapyr, metsulfuron-methyl, paraquat + diuron and isolated ammonium glufosinate (Rodrigues & Almeida, 2005; Petter et al., 2007; Takano et al., 2013) .
It is known that the attributes that most influence the dynamics of herbicides in the soil are: clay content and type, organic matter content, pH, apparent density and pore size and distribution. The understanding about the effect of these attributes on the behavior of herbicides can lead to the adequacy of doses according to the specific characteristics of the soil (Inoue et al., 2007) . In addition, soil attributes can influence the sorption and desorption of herbicides, thus depending on the interaction of these processes, with a possible residual effect on the crop cultivated after soybean, such as second-season maize .
The succession of crops has been widely used in Brazil, especially in Mato Grosso, but little has been done to evaluate the residual effect of the herbicides used in the soybean crop on the subsequent crop (Dan et al., 2011) .
Thus, this study aimed to evaluate the residual effect of the herbicides glyphosate, 2,4-D and increasing doses of the mixture glyphosate + 2,4-D in the desiccation performed at the end of the soybean crop on the maize crop cultivated in succession in soils of different textures (Red Yellow Latosol and Quartzarenic Neosol).
Material and Methods
The experiment was conducted in completely randomized design, in a 2 x 2 x 7 factorial scheme, corresponding to two soils (Red Yellow Latosol and Quartzarenic Neosol), two maize sowing times (5 and 10 days after desiccation) and 7 doses of the herbicides, with four replicates.
The results were subjected to the analysis of variance using the program Sisvar (Ferreira, 2011) and, in case of significant differences, the Scott-Knott test at 0.05 probability level was applied for the comparison of means.
The experiment was carried out in 2015 in a greenhouse, for approximately 130 days. Two forest soils were collected: Red Yellow Latosol (LVA) and Quartzarenic Neosol (RQ), in the superficial layer of 0-20 cm. The soil samples were air-dried and sieved through a 4-mm mesh. Then, soil samples were collected and taken to the laboratory for chemical and physical characterization (Tables 1 and 2 , respectively), according to the methodology proposed by EMBRAPA (1997) .
The soils were placed in pots with capacity for 7 L and, based on the results of the analyses of soil attributes, correction was performed to increase base saturation to 65%, besides incubation with "filler" limestone (RNV = 99.16%), waiting for 90 days. After this period, fertilization was performed and the soybean cultivar AN8500 was planted. For soybean fertilization, the following fertilizers were incorporated to the soil: monoammonium phosphate (MAP) and potassium chloride (KCl). Three soybean seeds were planted in each pot, with subsequent thinning after emergence, maintaining only one seedling per pot. Plants were maintained until the end of the cycle for the desiccation to be similar to that under field conditions.
The desiccation with the herbicides glyphosate (commercial product Glifoxin ® 360 g L -1 acid equivalent (a.e.)) and 2,4-D (commercial product 2,4-D Amina 72 ® 698 g L -1 a.e.) was performed at the end of the soybean cycle, maintaining the straw in the pots. Desiccation was performed using a backpack sprayer pressurized with carbon dioxide (CO 2 ), with a nozzle of 110 015 spraying points. The utilized service pressure was 2 kgf cm 2 , promoting a spray volume of 150 L ha -1 . The doses of herbicides used in the desiccation were: recommended dose (RD) of 2.5 L ha -1 of glyphosate (0.9 kg ha -1 a.e.) (G); the RD of 1 L ha -1 of 2,4-D (0.698 kg ha -1 a.e.) (D); RD in mixture of glyphosate and 2,4-D (M); two times the RD in mixture of the herbicides (glyphosate (1.8 kg ha -1 a.e.) and 2,4-D (1.39 kg ha -1 a.e.)) (M2); ten times the RD in mixture of glyphosate (9 kg of the herbicides. Three maize seeds were planted in each pot, with subsequent thinning after emergence, leaving only one maize seedling in each pot. After the maize cultivar Celeron was sown, the following parameters were evaluated at 7, 20 and 34 days after emergence (DAE): plant height (cm), contents of chlorophyll a and chlorophyll b and phytotoxicity (%). Plant height was measured from the soil to the last leaf insertion with the fully open leaf, which was also evaluated for the chlorophyll content using a Falker ® chlorophyll meter, which determines the contents of chlorophyll a and b.
Phytotoxicity was visually evaluated, using the methodology and scale of scores of EWRC (1964) . The phytotoxicity scores were: 0 (without symptoms), 1.5 (very light), 2 (light), 2.5 (moderate), 3 (medium), 3.5 (almost strong), 4 (strong), 4.5 (very strong) and 5 (plant death).
At 34 days after emergence, maize plants were evaluated for shoot fresh and dry matter and root dry matter. All plants were cut in the collar, separating shoots from roots. Shoots and roots were dried in a forced-air oven at 65 ºC and weighed to obtain the dry matter of shoots and roots of the maize plants.
Results and Discussion
The residual effect was expressed through the phytotoxicity in maize plants, especially in those sown at 5 days after desiccation, in all days of evaluation and only for doses with the presence of 2,4-D, corroborating the results of Silva et al. (2011) . According to these authors, for the use of 2,4-D in direct sowing management, one must wait at least 10 days between herbicide application and sowing, also confirming the recommendations of EMBRAPA (2002) .
The highest values of phytotoxicity were observed when plants were cultivated in the RQ soil. The sorption of the herbicides glyphosate and 2,4-D in this soil was possibly lower than in the LVA, since the LVA has clayey texture and greater amount of retention sites due to the larger amount and diversity of oxides and of silicates and organic matter. In the sandy soil (RQ), the herbicides were probably more available in the soil solution, allowing their absorption by plant roots, which explains the greater residual effect on the maize crop.
Oliveira Júnior & Regitano (2009) claim that clayey soils, in general, have higher potential of sorption of the molecules of the herbicides, while Silva et al. (2011) concluded that the residual effect of 2,4-D becomes more evident in mediumtextured soil compared with one of clayey texture, since soils with higher contents of organic matter have grater sorption of 2,4-D.
The toxicity of 2,4-D was evidenced by the epinasty of the leaves, bending of the leaf over the bottom side and the stems bent toward the soil. It can be observed that the recommended dose of glyphosate did not cause visible phytotoxicity in maize plants, because glyphosate is a molecule strongly sorbed to soil particles (Veiga et al., 2001) .
There was significant difference between the doses of the herbicides in the different soils, only for the maize sowing performed 5 days after desiccation, for all days of evaluation (Figure 1) . A.
B.
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The association of these herbicides caused residual effect on maize plants, because the highest doses of the mixture of pesticides led to highest phytotoxicity observed. However, maize plants showed injuries only in the first stages, exhibiting recovery of the damages favored by the residual of the herbicides along the development cycle.
Maize plants cultivated in the LVA showed higher values of height in all days of evaluation (Figure 2 ), suggesting that this soil promoted better conditions for the development of the crop, regardless of the doses and periods of evaluation. This fact is explained by the physical and chemical attributes of the soils and herbicides studied. The herbicides were more sorbed to the LVA, because it is a clayey soil with higher contents of organic matter and retention sites, and since the herbicides were less available in this soil, the residual effect was lower, leading to taller maize plants.
At the highest doses of the mixture of herbicides, maize plants grew less, possibly because of the greater residual effect of these molecules in the soil. Similar results were observed by Reis et al. (2010) , who studied the phytotoxic effects of the herbicide 2,4-D on maize in pre-and post-emergence applications, and found that, with the increase of doses in pre-emergence, plants tended to reduce their size, while in the post-emergence application plants showed greater values of height. Velini et al. (2008) report that the application of high doses of glyphosate inhibit plant growth, while low doses can stimulate it.
In all evaluations, the highest values of chlorophyll a and chlorophyll b were observed in plants cultivated in the LVA (Figure 3 ). Since this soil promoted better conditions for maize development, this fact can be explained by the physical and chemical attributes of the soils and herbicides studied, evidencing that in RQ the residual effect of the herbicides on maize was higher.
According to Santos et al. (1999) , the biosynthesis of chlorophyll and the development of chloroplasts can be inhibited by herbicides that interfere with structures of the chloroplasts, leading to the loss of this pigment. Besides the interference in the synthesis of chlorophyll, these compounds can also affect the formation of other pigments. Hertwig (1983) reports that 2,4-D has systemic action and acts in the deregulation of plant metabolism, leading to death. In addition, it causes epinasty, characterized by the downward bending of the leaf, decreasing the surface for light absorption, leading to disorders in the synthesis of proteins and collapse of tissue (Giafagna, 1987) .
The herbicide glyphosate, for being a phosphonic acid, can act in the direct degradation of chlorophyll a, through demetallation, forming complex with the magnesium ion, and in the indirect degradation, through immobilization of magnesium and manganese, necessary for the formation of chlorophyll and photosynthesis, respectively (Bernards et al., 2005) . Kitchen et al. (1981) observed harmful effect caused by glyphosate on the synthesis of aminolevulinic acid (ALA), a precursor in the biosynthesis of chlorophylls a and b, since both enzymes responsible for their biosynthesis, catalase and peroxidase, are very sensitive to the deficiency of iron, which is one of the elements that can be chelated by glyphosate.
There was difference in the data obtained for shoot fresh matter (SFM), shoot dry matter (SDM) and root dry matter (RDM) between the soils (Table 3) .
In the LVA, the values of SFM, SDM and RDM were higher, because of the greater plant height and lower phytotoxicity, suggesting that maize plants showed better development in this soil, regardless of the doses of the herbicides and intervals between the desiccation at the end of the soybean cycle and maize sowing. Thus, the residual effect of the herbicides was lower in the LVA, possibly because of the greater sorption of the herbicides in this soil. Similar results were observed in studies conducted by Casonatto et al. (2014) , who evaluated the effects of the herbicide glyphosate on transgenic soybean, in soils of varied textures under different levels of phosphorus, evidencing that there was trend of greater shoot fresh and dry biomass of soybean plants in the LVA, compared with the RQ, for all levels of phosphorus.
